The Diesse Mini-Ves (DMV) 
A b s t r a c t The Diesse Mini-Ves (DMV) erythrocyte sedimentation rate (ESR) analyzer was designed to improve efficiency in determining the ESR. We compared the Westergren ESR method with the 4-sample DMV ESR analyzer for performance and clinical correlation. This prospective observational study, conducted at a 450-bed tertiary medical center, evaluated 291 paired samples from subjects with various systemic inflammatory conditions. Linear regression analysis revealed a statistically significant correlation between the 2 methods. Satisfactory precision of the DMV analyzer was obtained for high and mid-range ESR values. The 4-sample DMV ESR analyzer was precise and comparable in results to the Westergren ESR method. This DMV ESR analyzer is now used at our medical center based on quality control improvements that include a faster, safer, and more standardized ESR method. Hospital or officebased clinical laboratories should consider using the 4-sample DMV ESR analyzer in place of the Westergren method.
The erythrocyte sedimentation rate (ESR) is a simple and inexpensive laboratory test used worldwide for assessing the acute phase response to inflammation. 1,2 The ESR maintains an important role in the diagnosis and management of patients with rheumatoid arthritis, giant cell arteritis, and polymyalgia rheumatica and may be helpful in osteomyelitis, other infections, and various cancers. [1] [2] [3] [4] [5] [6] Since the Westergren ESR method was first described, 7,8 laboratory modifications in ESR measurement have been pursued. 6, [9] [10] [11] [12] [13] [14] However, the Westergren method is still referred to as the "reference," "standardized," and "selected" method by which other ESR methods are compared. 1, 8, 11 Diesse Diagnostica Senese, Milan, Italy, designed a "closed system" automated analyzer to provide a more standardized, faster, and less cumbersome ESR test. 3 The company manufactures 2 large analyzers that seem to be most useful in commercial laboratories. 3, 4, 15 The smaller and newest analyzer, the 4-sample Diesse Mini-Ves (DMV), has not been well studied.
The objectives of this study were to validate the 4-sample DMV ESR analyzer using the selected International Council for Standardization in Haematology (ICSH) Westergren ESR method 1 and to determine the practical usefulness of this analyzer in a medical center laboratory. subjects. All samples were evaluated using both methods in the laboratory setting. For the first 161 samples, only the laboratory methods were compared. Subjects who provided the remaining 130 subjects consented to assessment of laboratory measurements and demographic data, including sex, race, age, and clinical diagnosis. The laboratory personnel were blinded to the demographic data. All samples were obtained from active-duty military personnel or military retirees and their beneficiaries in inpatient and outpatient settings at a 450-bed tertiary US Army medical center. Healthy subjects and subjects with rheumatic, infectious, and miscellaneous medical conditions were enrolled in the study. All subjects were older than 18 years, eligible for care, and were healthy control subjects, or there was a clinical suspicion of inflammatory disease. Pregnant females were excluded. The institutional review board approved the protocol at Brooke Army Medical Center, Fort Sam Houston, TX.
ICSH Selected Reference Method
Westergren comparison samples were analyzed according to ICSH recommended selected guidelines using the Sediplast Autozero Westergren ESR system. 1, 8 Venous samples were collected in standard 5-mL, vacuum, purpletop, K 3 -EDTA-containing tubes, and 0.8 mL of blood was transferred manually via pipettes to the fill line of Westergren holding vials, which contained 3.8% sodium citrate. The vials then were gently mixed (placed on a test tube rocker for a minimum of 2 minutes or mixed manually back and forth 8 times), and a 200-mm plastic pipette was inserted into the vial until the column of blood rose to the start line. The graduated, filled pipettes then were placed vertically into a stand and after 1 hour, the sedimentation of the RBCs was recorded through visual determination. All samples were kept at room temperature and run within the ICSH-recommended 4-hour period. Conventional quality control procedures were used for the Westergren ESR method. 1, 11 Diesse Mini-Ves Method Samples for the 4-sample DMV ESR analyzer (Elan Pharma, Smithfield, RI) were obtained directly from subjects using the manufacturer's vacuum-filled, rectangular, 90-mmlong plastic (Vacu-tec) tubes containing 0.25 mL of a 0.105-mol/L concentration of sodium citrate anticoagulant. These tubes were filled with approximately 1 mL of blood (samples can be 3 mm over or 12 mm under the reference line marked on the tube for the test to run properly). The tubes then were transported to a laboratory rocker for mixing (a minimum of 2 minutes) and placed in the analyzer, which holds the tubes at an angle of 18°. After 20 minutes, a photoelectric cell automatically recorded the ESR value in millimeters per hour. All samples were kept at room temperature and run within the recommended 2-hour period. 3 Daily quality control procedures were performed according to manufacturer methods. 4 
Statistical Analysis
Statistical analysis was performed with SPSS, version 10.0 (SPSS, Chicago, IL). Accuracy of the DMV method was determined by using variance of 30.4%. In the middle ESR range (mean, 37.2 mm/h), the SD was 1.69 (95% CI, 1.163-3.086) for a coefficient of variance of 4.5%. In the high ESR range (mean, 99.50 mm/h), the SD was 5.38 (95% CI, 3.703-9.822) for a coefficient of variance of 5.4%.
Results

Accuracy
Demographics and Diagnostic Groups
The clinical diagnosis and demographics for the last 130 consecutive samples were characterized specifically to share the diversity of the samples in the study. Subjects included 71 women (54.6%) and 59 men (45.4%). The mean age was 56.4 years (range, 21-90 years). Racial and ethnic groups were as follows: white, 93 (71.5%); African American, 18 (13.8%); Hispanic, 17 (13.1%); and Asian, 2 (1.5%). The diagnostic groups are shown in ❚Table 1❚.
Discussion
The ESR is a nonspecific laboratory test widely used in clinical practice. 5 However, this test is used conventionally to detect acute or chronic systemic inflammation in a number of diverse conditions and to monitor the response to therapy. 6, 16 The Westergren ESR method in particular has served the medical community for more than 70 years and remains the "gold standard" reference method. 1 Many clinical variables may affect the ESR, including sex, age, anemia, fibrinogen levels, and thyroid disease. [17] [18] [19] In addition, laboratory variables such as blood dilution, test time, and tube angles may substantially affect the ESR result. 15, 20 The Westergren method is a manual method. It requires the transfer of blood via pipettes; a dilution step; mixing the specimen; establishing individual, graduated, filled pipettes with a pressure bulb; vertical positioning of the specimens; and visual interpretation of the results. Multiple tasks with the Westergren method and the wide range of variables can easily cause inaccurate results and/or unacceptable risk for laboratory technicians. 4 During the 1990s, the DMV ESR method has been implemented to minimize the laboratory variables and has gained some acceptance as an alternative method to the Westergren ESR. 4, 5 The original ESR analyzers manufactured by Diesse Diagnostica Senese were the Ves-matic Senior (60 samples) and the Ves-matic Junior (20 samples). Both units account for temperature variance, standardize the mixing of samples, and can interface with laboratory computers. 3 Technical advancements of the Diesse instruments include specially molded plastic collection tubes (Vacu-tec) that contain 0.25 mL of a 0.105-mol/L sodium citrate solution. These tubes are filled directly through vacuum venipuncture technique and placed in the Diesse ESR analyzers at an 18° angle. 5 The Boycott phenomenon allows RBCs to sediment more quickly down the wall of an angled tube than when falling vertically. Therefore, the results can be recorded and stored in the analyzer within 20 minutes. 3, 4 This closed system also minimizes blood exposure to laboratory personnel. 3, 5 Unfortunately, the larger analyzers require storing and "batching" of samples, causing delay in individual patient results and potential laboratory error. 4 The 4-sample DMV ESR analyzer was designed for more flexibility in clinical laboratories. 4 It can simultaneously evaluate up to 4 samples, even when started at different times. The results from the present study using the 4-sample DMV ESR analyzer were comparable to those obtained using the ICSH Westergren method. This DMV ESR analyzer also was precise at mid and high ESR values. At low rates of sedimentation, as expected, precision decreased substantially. 5, 21 A cost analysis of the 2 methods, based on Department of Defense dollars spent at our institution, revealed comparable costs. When evaluating supplies only, the DMV cost when using the Vacu-tec tubes was $0.88 per test compared with $0.57 per test for the Westergren method using disposable pipettes. However, there is an initial cost for the purchase of a 4-sample DMV ESR analyzer, which is approximately $1,800. The other important non-value added costs that are more difficult to quantify include monetary savings from decreased technician time and the quality control occupational benefits when using the DMV method. The ESR has been recognized as being useful for the evaluation of the condition of some patients in the emergency department, and a method with a more rapid turnaround time can be expected to be cost-effective and to improve patient care. 22 To our knowledge, our study is the first to compare the 4-sample DMV ESR analyzer with the Westergren ESR method. Our results demonstrate that the 4-sample DMV analyzer is precise and provides results comparable to those of the Westergren reference ESR method. This DMV ESR analyzer is now used at our medical center based on the results of these comparisons and the quality control benefits that include a faster, safer, and more standardized ESR method ❚Table 2❚. Hospital or office-based clinical laboratories should consider the 4-sample DMV ESR analyzer for ESR measurement in place of the Westergren method.
